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TITLE 

METHOD AND SYSTEM OF BEAM ENERGY CONTROL 
BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a thin film 
transistor manufacturing process and in particular to a 
method of controlling the beam energy employed therein. 
Description of the Related Art 

Thin film transistors (TFT) are widely used to drive 
conventional liquid crystal display devices. Usually, a 
thin film transistor (TFT) comprises an amorphous silicon 
thin film transistor (a-Si:H TFT) and a polysilicon thin 
film transistor (poly-Si TFT) divided into a high 
temperature poly sili con (HTPS) transistor and a low 
temperature poly silicon (LTPS) transistor. 

Conventionally, in the manufacturing process of the 
low temperature poly silicon (LTPS) transistor, excimer 
laser annealing (ELA) is usually performed on amorphous 
silicon, such that amorphous silicon is recrystallized as 
crystal silicon. The crystal silicon is subsequently 
processed for a transistor. Accordingly, ELA is a key 
technique when manufacturing low temperature poly silicon 
(LTPS) . 

However, the amount of beam energy absorbed by 
amorphous silicon for crystallization depends on the 
thickness of amorphous silicon. Different amounts of 
beam energy are absorbed by amorphous silicon of 
different thicknesses. Thus, the beam energy has to be 
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controlled depending on the thickness of amorphous 
silicon. Furthermore, hydrogen explosion can occur 

during ELA when the hydrogen content exceeds the critical 
hydrogen content limit, depending on the material. Both 
5 thickness and hydrogen content must be measured and 
referenced before ELA. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is 
to provide a method and system of automatic beam energy 
10 control, , such that not only can thickness and hydrogen 
content of an amorphous silicon be measured, but also ELA 
can be performed. 

Another object of the present invention is to 
provide a method and system of automatic beam energy 
15 control to provide appropriate beam energy in amorphous 
silicon of different thicknesses, such that amorphous 
silicon can reconstitute as crystal silicon. 

Still another object of the present invention is to 
provide a method and system of automatic beam energy 
2 0 control to avoid hydrogen explosion during ELA. 

Further, another object of the present invention is 
to provide a method and system of automatic beam energy 
. control to reduce failure in the silicon substrate after 
ELA and enhance yield. 
25 One feature of the present invention is 

determination of whether hydrogen content of amorphous 
silicon is less than the critical hydrogen content limit 
to avoid hydrogen explosion before ELA. The critical 
hydrogen content limit of amorphous silicon varies with 
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thickness . When the hydrogen content exceeds the 

critical hydrogen content limit, hydrogen explosion 
occurs during ELA. 

Another feature of the present invention is to set 
5 up a database of beam energy absorbed by amorphous 
silicon of different thicknesses during crystallization. 
The appropriate beam energy is found and provided to the 
amorphous silicon after checking the hydrogen content. 

To achieve the above objects, one aspect of the 

10 present invention provides a method of automatic beam 
energy control. First, a substrate is provided. Next, 
hydrogen content of the substrate is measured. A warning 
is issued when hydrogen content exceeds a critical 
hydrogen content limit. Substrate thickness is measured 

15 when hydrogen content does not exceed the critical 
hydrogen content limit. A database comprising a 

plurality of beam energy values individually absorbed by 
substrates of different thicknesses is set up. A beam 
energy value corresponding to the measured thickness is 

20 estimated by the database. Finally, a beam energy level 
is provided for the substrate accordingly. 

Another aspect of the present invention provides a 
system of automatic beam energy control, comprising a 
substrate holding apparatus, a measurement apparatus, a 

2 5 comparing apparatus, and a energy beam apparatus. The 
measurement apparatus measures thickness and hydrogen 
content of the substrate in the substrate holding 
apparatus . The comparing apparatus provides a database 
comprising critical hydrogen content limits and 

30 appropriate beam energy levels for substrates of 



3 



Client's ref . : AU91181 
File: 0632-8724usf /Felicia 

different thicknesses, allowing determination of whether 
a measured hydrogen content value exceeds the critical 
hydrogen content limit and to provide an appropriate beam 
energy level. The energy beam apparatus delivers beam 
energy to the substrate accordingly. 

A detailed description is given in the following 
embodiments with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be more fully understood 
by reading the subsequent detailed description and 
examples with references made to the accompanying 
drawings , wherein : 

FIG. 1 is a block diagram illustrating the system of 
automatic beam energy control according to one embodiment 
of the invention; 

Fig. 2 is a flowchart illustrating the method of 
automatic beam energy control according to one embodiment 
of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

A preferred embodiment of the present invention is 
now described with reference to the figures. 

Fig. 1 illustrates the system of automatic beam 
energy control according to one embodiment of the present 
invention. The system comprises a substrate holding 
apparatus 100, a measurement apparatus 102, a comparing 
apparatus 104, and a energy beam apparatus 10 6. 

The substrate holding apparatus 100 fixes a 
substrate, such as amorphous silicon suitable for a thin 
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film transistor (TFT) . The substrate can be transported 
to the measurement apparatus 102 and a energy beam 
apparatus 106 by the substrate holding apparatus 100. 

The measurement apparatus 102 measures thickness and 
hydrogen content of the substrate. The measurement 

apparatus 102 preferably uses ellipsometry to measure a 
light extinction coefficient of the substrate, such 
that hydrogen content is calculated in accordance with 
the relationship between the light extinction coefficient 
and a bandgap of the substrate. As well, thickness is 
calculated in accordance with a refractive index of the 
substrate, also measurable using ellipsometry. 

In Amorphous and Liquid Semiconductors , Tauc 
J., 1974, proposes the following formula. 



cc(cd) = B{hco-E° PT Y Itico 

A = [l + 2(s, Ie Q )f{s 5 la o y 12 /9(s s I e 0 ) 2 
for aSi sj e 0 = 12 

N H indicates hydrogen content of an amorphous 
silicon, and a (go) is an absorbing coefficient, a function 
of light frequency. e s is a dielectric constant of a 
material, and£ 0 is the dielectric constant in a vacuum. 
E g OPT is the energy bandgap of amorphous silicon. B x C N h 
are all constant. 

The hydrogen content N H is relative to the absorption 
coefficient a (go) and energy bandgap E g OPT . Extinction 
coefficient k, reflection index n, and thickness can all 
be measured by ellipsometry. Furthermore, 
k= [Aa (co) ]/ (4n) . Thus, ellipsometry can be employed to 
not only measure thickness, but also hydrogen content. 
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The comparing apparatus 104, comprising a computer, 
provides a database of critical hydrogen content limits 
and appropriate beam energy levels for substrates of 
different thicknesses. Hydrogen content T x measured by 
5 measurement apparatus 102 is provided to the comparing 
apparatus 104, as shown in Fig. 1. The comparing 

apparatus 104 issues a warning or alarm when hydrogen 
content T x exceeds the critical hydrogen content limit. 
According to the path of T2 , the comparing apparatus 104 

10 instructs the measurement apparatus 102 to measure 
thickness T 3 when hydrogen content T x does not exceed the 
critical hydrogen content limit. The amorphous silicon 
substrate is transported to the measurement apparatus 102 
by the substrate holding apparatus 10 0 according to the 

15 path of Ai- Thickness T 3 measured by the measurement 
apparatus 102 is then provided to the comparing apparatus 
104. According to thickness T 3 , the appropriate beam 
energy level of amorphous silicon is determined by the 
comparing apparatus 104. According to the path of T4 , 

2 0 the appropriate beam energy level is provided to the 
energy beam apparatus 106 by the comparing apparatus 104. 

The energy beam apparatus 10 6 delivers beam energy 
to the substrate for ELA. The amorphous silicon 

substrate is transported to the energy beam apparatus 106 

25 by the substrate holding apparatus 100 according to the 
path of A 2 . After the appropriate beam energy level is 
received, ELA is performed in the amorphous silicon 
substrate by the energy beam apparatus 106 accordingly. 
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Fig. 2 is a flowchart of the method of automatic 
beam energy control according to one embodiment of the 
present invent ion . 

In step S200, the substrate is provided on the 
5 substrate holding apparatus 100. 

Next, in step S2 02, a hydrogen content value T x of 
the substrate is measured by the measurement apparatus 
102 after the substrate is transported to the measurement 
apparatus 102 by the substrate holding apparatus 100. 
10 In step S204, the result of hydrogen content T 1 is 

transported to the comparing apparatus 104 to determine 
if hydrogen content T x exceeds a critical hydrogen 
content limit. 

In step S206, a warning or alarm is issued when 
15 hydrogen content Ti exceeds a critical hydrogen content 
limit . 

In step S208, thickness T 3 of the substrate is 
measured when hydrogen content T 1 does not exceed a 
critical hydrogen content limit. 

2 0 In step S210, the appropriate beam energy level T 4 

for amorphous silicon of a certain thickness T 3 is 
determined by the comparing apparatus 104 after measuring 
thickness T 3 . Requisite beam energy levels for amorphous 
silicon of varying thicknesses are shown in Table 1. The 

2 5 appropriate beam energy level T 4 is provided to the energy 
beam apparatus 106. 



Table 1 



Appropriate 
beam energy 
level (mJ) 


Thickness of 
amorphous silicon 
(A) 


2 0 0 


100 


210 


200 
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220 


300 


250 


400 


270 


500 


2 90 


600 


3 10 


700 


3 50 


800 


4 00 


900 


460 


1000 



Finally, in step S212, beam energy is provided to 
the substrate according to the beam energy value T 4 by the 
energy beam apparatus 106. Thus, amorphous silicon 
becomes crystal silicon after ELA. 

While the invention has been described by way of 
example and in terms of the preferred embodiments, it is 
to be understood that the invention is not limited to the 
disclosed embodiments. To the contrary, it is intended 
to cover various modifications and similar arrangements 
(as would be apparent to those skilled in the art) . 
Therefore, the scope of the appended claims should be 
accorded the broadest interpretation so as to encompass 
all such modifications and similar arrangements. 
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